NGF promotes copper accumulation required for optimum neurite outgrowth and protein methylation.
The role of copper in biological phenomena that involve signal transduction is poorly understood. A well-defined cellular model of neuronal differentiation has been utilized to examine the requirement for copper during nerve growth factor (NGF) signal transduction that results in neurite outgrowth. Experiments demonstrate that NGF increases cellular copper content within 3 days of treatment. Copper chelators reduce the effects of NGF on neurite outgrowth and copper accumulation. The effects of tetraethylene pentamine (TEPA), a copper-specific chelator, are reversible by removal from the culture medium and/or by addition of equimolar copper chloride. Because previous work demonstrated that NGF increases protein methylation in PC12 cells, we examined whether TEPA also inhibits S-adenosylhomocysteine hydrolase (SAHH), an essential copper enzyme involved in all protein methylation reactions. In addition to direct in vitro inhibition of SAHH, we show that TEPA decreases protein arginine methyltransferase 1(PRMT1)-specific enzyme activity in PC12 cells and sympathetic neurons. These data comprise the first biochemical and cellular evidence to address the mechanism of copper involvement in neuronal differentiation.